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Synthesis
Apart from the reactions in aqueous solutions all reactions were performed in a moistureguarded assembly and reflux condenser was used while heating. The used solvents were dried with molecular sieves to a water content less than 50 ppm and distilled freshly. All starting materials used in the synthesis were purchased from Sigma Aldrich and dried by conventional methods for the use in moisture-free reactions. All water contends were determined by KARL-FISCHER-titration.
1-(2-Hydroxyethyl)pyridinium-bromide [HEPy][Br]
At room temperature equimolar amounts of pyridine (8.977 g; 113 mmol; 9.6 ml) and 2-bromoethanol (14.929 g; 113 mmol; 14.9 ml) were mixed and heated slowly up to 110 °C. When the reaction begins, the solution turns brown and starts to crystallize. The mixture was cooled to room temperature. The crude product was recrystallized from about 330 ml acetonitrile. ) (47 mmol) were mixed with 3 g D2O (150 mmol) at 50 °C. After addition of the water and a short mixing period, the water was then evaporated in vacuum. The D2O-treatment procedure was repeated three more times. The degree of deuteration was verified by ATR measurements to make sure that the OH contributions in the spectra disappeared completely to the benefit of the OD contributions. The obtained colorless liquid of [HEPy] [BF4]-d1 was dried for 6 h in vacuum at 60 °C.
2-Phenylethanol-d1
20 g 2-Phenylethanol (164 mmol) were mixed with 10 g D2O (500 mmol). After addition of the water and a short mixing period, approximately 90 % of the water was then removed by distillation. The D2O-treatment procedure was repeated three more times. The degree of deuteration was verified by ATR measurements to make sure, that the OH contributions in the spectra disappeared completely to the benefit of the OD contributions. The obtained colorless liquid of 2-Phenylethanol-d1 was then distilled by vacuum distillation and dried consecutively with molecular sieves 4 Å and 3 Å and distilled freshly to reach a water contend below 10 ppm.
FT-IR Spectroscopy of the liquid phase
IR experiments for the condensed phase were performed on a TENSOR II FTIR spectrometer from BRUKER. The spectrometer uses a Globar ® source, a KBr beam splitter and a DTGS room temperature detector. To reach temperatures down to -80 °C an evacuatable variable temperature cell was used under moisture free conditions. The sample cell was a demountable liquid cell with CaF2-windows and a 12 μm Mylar ® -spacer. For data collection analyses the OPUS 7.5 software was used. Every spectrum was accumulated for 128 scans with a resolution of 1 cm -1 and a 3 mm aperture. To avoid interference fringes, CCl4 was used as background. The pure IL was dried in vacuum to a water contend below 10 ppm. 2-Phenylethanol was dried consecutively over molecular sieves 4 Å and 3 Å and distilled freshly to reach a water contend below 10 ppm. The IL/alcohol mixtures were prepared under SCHLENK-conditions in a 5 ml SCHLENK-tube in 2 g portions. Every concentration was mesured as fully protonated as well as fully hydroxyldeuterated sample to investigate exclusively OH vibrations by subtracting the OD spectrum from the OH spectrum (see below).
Fig. S0.
The infrared spectra of [HEPy] [NTf2] for the protonated OH (blue line) and the deuterated OD (red line) hydroxyl groups. The frequency range between 2800 and 3200 cm -1 shows the C-H stretch vibrational modes, which are present in both ILs. It is shown that these intensities are almost equal and only have to be corrected slightly for the different densities in the systems. Subtracting the OD spectrum from the OH spectrum leads to the spectra (green line) as shown in Figures 1 and 3 of the manuscript. These spectra can be nicely deconvoluted without disturbing C-H stretch contributions.
Cryogenic ion vibrational predissociation spectroscopy of cold gasphase cluster ions
Pure ionic liquids were diluted to millimolar concentrations in acetonitrile and were introduced into the evaporation chamber of a mass spectrometer via electrospray ionization. In case of the mixed complexes the evaporation chamber was saturated with the neutral alcohol by adding a few milliliters of the alcohol (2-Phenylethanol) directly into the chamber. The resulting ions were then transported through differential pumping regions by RF-only octopole guides and electrostatic ion optics into a three-dimensional quadrupole ion trap (R.M. Jordan) mounted to a closed-cycle helium cryostat held at a temperature of ~35 K. [1] [2] [3] He buffer gas with a trace amount (~10%) of N2 was pulsed into the trap to collisionally cool the ions and facilitate the attachment of N2 adducts for messenger spectroscopy. [4] [5] The ions were stored for ~90 ms before being ejected into the time-of-flight region of the photofragmentation mass spectrometer. A particular m/z target was intersected with the output of a 10 Hz pulsed OPO/OPA tunable infrared light source (Laservision). Resonant absorption of a single photon caused the evaporation of the weakly bound [6] [7] (~800 cm -1 ) N2 "tag" and the resulting photofragment was separated by a second stage of mass selection. Spectra were generated by monitoring the photofragment yield as a function of continuously scanned photon energy and normalized to fluctuations in laser pulse energy over the scan range.
Computational Details
Harmonic frequency calculations were performed at the B3LYP-D3/6-31+G(d) level of theory using the Gaussian 09 package [8] 
Fig. S1.
Calculated cyclic tetramer neutral clusters formed in the IL/ML bulk, with their calculated frequencies shown in Fig. 3 . H-atoms connected to carbon atoms are omitted for clarity.
Fig. S2.
Vibrational predissociation spectra of previously studied (a) HEMIm + ·N2 and (b) HEMIm + ·2N2.
[28] The OH stretches are colored red and the ring CH bands are blue. The asymmetric doublet in trace (a) represents two types of binding motifs for the N2 adduct, one in which it is attached remotely (resulting in the free OH band) and another where it is bound to the OH, which result in the redshifted OH band (*). With the attachment of a second N2 tag, the free OH band is significantly reduced in trace (b) while * feature still remains with increased intensity.
Fig. S3.
Calculated cyclic trimer and tetramer ionic clusters formed in the gas phase, with their calculated frequencies shown in Fig. 4 . H-atoms connected to carbon atoms are omitted for clarity. 
